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Abstract

From 1979 to 1989, approximately 25,000 Post Northern Marshall Islands
Radiological Survey (PNMIRS) samples were collected, and over 71,400
nmdnuchmmm1gd1ammdl;ﬂUJunul:qwnrx bscopy analyses were performed to establish the

concentration of 998r, 137Cs, 241Am, and plutonium isotopes in soil, vegetation, fish,
amd anhmah;ir the Northern Marshall Islands. While the Low Level Gamma

Counting Facility (B379) in the Health and Ecological Assessment (HEA) division
LmﬂMWWMiiwlnN@ BUW)WidMgwnnmm'%wmrnwmqw'awﬂvmwh.qmmumunndw 4889
radiochemical and 5437 gamma spectroscopy analyses were performed on 4784
samples of soil, vegetation, terrestrial animal, and marine organisms by outside

laboratories. Four laboratories were used by Lawrence Livermore National
Laboratory HJJML)1m'pﬁﬂbmm,Hw&rm&Mwhmmﬁmd;mwﬂv%m"%wwnmwﬂuwﬂyhvﬂ
Norcal, Richmond, California (TMA); Nuclear Energy Services, North Carolina
State University (NCSU); Laboratory of Radiation Ecology, University of
Washington (LRE); and Health and Ecological Assessment (HEA) division, LLNL,
Livermore, California. Additionally, ]lHL.lmd INCSU were used to perform gamma
spectroscopy analyses. The analytical precision and accuracy were monitored by
including blind duplicates and natural matrix standards in each group of samples
analyzed. On the basis of reported analytical values for duplicates and standards,
88% of the gamma and 87% of the radiochemical analyses in this survey were
accepted. By laboratory, 93% of the nwdhochfmnjca]zmnaky&p%'hy'WWVIA 88% of the
gamma-ray spectrometry and 100% of the radiochemistry analyses by NCSU; 89% of

the gamma spectroscopy and 87% of the radiochemistry analyses by LRE; and 90% of
the radiochemistry analyses performed by HEA's radiochemistry department were

accepted.

Introduction

Thﬂl%mWP«wﬂhwﬂ‘MMFﬂmMimkme]%MhdkwmdlhuuuwllWﬂMHN“hh.qummmnmg
large-scale effort to collect soil, vegetation, terrestrial animals, marine organisms,
and water to assess the radiation dose from the ingestion and inhalation pathways
and external environments of Bikini, Enewetak, Utirik and Rongelap atolls in the
Northern Marshall Islands. The Health and Ecological Assessment (HEA) division
of Lawrence Livermore National Laboratory (L LNL) i is responsible for this effort,
including the collection, processing, and analysis of the various samples. A quality
assurance program covering the Marshall Island Program has been established and a
report prepared covering samples collected during the original survey in 1978.
(Jennings and Mount, 1983)

During the time period of 1979 to 1989, approximately 25,000 additional PNMIRS
samples have been collected, with over 71,400 radiochemical and gamma
spectroscopy analyses being performed to further establish the amounts of specific
radionuclides present in the Northern Marshall Islands. Over 80% of the samples
thmellmmw'bmml.nm]wmﬁlby HEA's Low Level Gamma Counting Facility
(LLGCF); housed in building 379. While the LLGCF accounts for the major portion



of the gamma spectroscopy analyses performed as part of the Marshall Islands
Survey, it is the intent of this paper to discuss the Quality Assurance results
obtained from the participating laboratories. This in mind, a discussion of the
LLGCF Quality Assurance program and results will be held for a future report.

For such an extensive analytical program, four additional laboratories were
used to assist the HEA division of LLNL by performing the analyses on 4784 or
roughly 20% of the samples taken during the time period in question. The
lahw1nmmpsamJ&Nn@1m the radiochemical analyses were Thermo Analytical Norecal,
Richmond, CA (IPMm\“,PMMuﬂunl Energy Services, North Carolina State University;
RHMMJUIWW'wmﬁuﬂhlhﬂwnava1Mlhmm ion Ecology, University of Washington,
JPMM&,MU&(LRHLcliUm]HuMUJdeIAUmeuﬂ?Mm@MMMNM(hVawﬂL(MWAJxJMy
the radiochemistry laboratory) Lawrence Livermore National Laboratory,

-

Livermore, CA.

3

Evaluation Criteria and Radiochemistry Precision Requirements

Any assessment program depends on the quality of the analytical measurements
being made. Most laborat m.ﬁ[mnuj a certain part of their effort to establish the
accuracy and reproducibility of their analytical work. Blind inter-laboratory

comparisons such as Ikt-lh?paltmmwmt(nf}ﬂn?n?” (DOE) Intercalibration exercise and
analysis of natural matrix standards such as those available from the National
Institute of Standards and Technology and from the International Atomic Energy
Agency are two methods by which the quality of a laboratory's work can be shown.
In a large-scale survey such as the Northern Marshall Islands program where
samples are analyzed by several laboratories, it is all the more important to assess
the validity of the data by regularly having the participating laboratories analyze
quality assurance (QC) standards.

For this program, we have selected three criteria for the analytical reliability

of the data.

(1) The first criterion places limits of acceptability on the counting errors.
Because radioactive decay is a statistical process, sufficient counts must be collected
tn*prnvidvlmlkwnﬂlo&«mmmﬁkhwmroilmm t the number reported is a true measure of the
radioactivity in the sample. Until this criterion is met it is difficult, if not
lnwrnwswﬂwhn,tc»rwumhlanc'tbu-uﬂuta for the remaining two criteria. Consequently, a set
of acceptable counting errors was established for each isotope of interest, scaled to
the total radioactivity of the sample (Table 1). Compliance can be easily checked by
using the nmmrmmmwd specific activity and weight of the sample that are available to
the analyst. }hmmtruer“wn'mmu;fhwwpkqppd{pm%orlxrtnﬂdatkmn‘thheqmnmﬁrmﬂ
Northern Marshall Island Radiological Survey (NMIRS) field-sample collection
program to estimate the amount of sample required by any competent laboratory to
measure worldwide fallout. Samples of sufficient size with higher activity are

-



Table 1. Allowable counting errors according to the total activity in the sample

received by the contracting laboratories.

Radio nuclide

pCi

1 error (%)

9()&:; T

137Cs

238,241 Py

239+240py,

241 Am

<1.0
1.0to 5.0
5.0to0 8.0

>8.0

<1.0
1.0 to 5.0
5.0 to 8.0

>8.0

<2.0
2.0t0 5.0
5.0 to 20.0

>20.0

<(0.1
0.1 to 0.25
0.25 to 1.0
»>1.0

<0.1
0.1 to 0.25
0.25 to 1.0

>1.0

50 to 100
40
20
10

50 to 100
40
20

10

50 to 100
40
20
10

50 to 100
40
20

10

50 to 100
40
20
10

(2)

therefore well above the limits of detection of the participating
laboratories. This procedure avoids the reporting of machine limits
that gives only the upper limits of the radionuclide concentration in
the sample and thus overestimates the amount of radioactivity actually
present, especially if used as real values. This situation is not an
uncommon practice when assessing environmental data.

The second criterion requires that the participating laboratories
reproduce their results on replicate analyses. This is accomplished by
including a set of blind duplicates with each group of roughly 100
samples (referred to as a DCD for the accompanying Delivery Control
Document). If the results for the paired analyses agree within twice the
measurement accuracy required in Table 1, they are accepted.
Satisfactory performance on duplicates requires acceptability on 80% of




all duplicate pairs included in each DCD. Additionally, an "Error of
Ratios Test" (ERT) was performed on all values for duplicate pairs
passing the accuracy measurement requirement in Table 1. In use, a
ratio error (expressed as a percentage) was generated from the ratio of
the values (of the duplicate pair) and the standard deviation of the
ratio. Any subsequent errors found greater than 30% were considered
detection limit values and while plotted, were excluded from the
calculation of ranges, means, and standard deviations. This was done
to validate true analytical comparisons from those made between a
c%ﬂMw%ﬁmn.Hrthwwﬂtm&c&Wommecm‘buih‘dmamyﬁem" Generally, a failure from
this test only occurred when one or both of the duplicate pairs were so
low in activity, that the accuracy requirement in table 1 gave an error
guaranteeing acceptance. Only data that passed both the measurement
accuracy required in Table 1, and the ERT were included in
calculations. LLNL prepares and distributes all duplicate samples.

(3)  The third criterion requires that the participating laboratories
accurately determine the radionuclide concentrations in blind
standards made up to resemble the natural matrixes of the samples.
Although all three of the criteria are important, perhaps this is the
most significant because it includes accuracy of measurement as well as
precision (reproducibility); any systematic errors in the measurement
would appear. Responsibility for preparing, standardizing, distributing,
and final data analysis of the standard samples was assigned to Western
Oregon State College (WOSC) and then later to Eckerd College (EC). In
this way the responsibility for evaluating the analytical integrity of the
data was vested in a disinterested third party.

In some cases, departures from these criteria were allowed to facilitate
processing the data, but the deviations were never great enough to compromise the
integrity of the data. Specifically, the error requirements shown in Table 1 were
relaxed by 20% for some of the early DCDs to accommodate problems some of the
Lﬂbnrmhwlmm.hmmﬂHM1m9d|m1mq counting errors. For example, for samples where a 10%
relative standard deviation was required, a 12% relative standard deviation was
allowed. All deviations from the required criterion were documented with
explanatory memos.

Another departure was in the number of duplicates and standards that had to
be in compliance. In order to accept the results of a DCD, 80% of the duplicate pairs
and 100% of the standards are required to be in compliance with the QC criteria.
Wﬂmn‘Hmruuwkwrcﬁthuﬂuiu~pwma‘mmt1n(mKWJJ(hd not permit exactly 80%
compliance (for example, 3 of 4 pairs yield 75% compliance), the criterion was
relaxed to allow for less than 80% to be considered acceptable. The 100% compliance
criterion on standards was occasionally eased if the radiochemical analysis reported

for the standard was close to the accepted activity and if the laboratory had




previously established a record of accurate radiochemical analysis on other aliquots
of the same standard.

The methods used to prepare the duplicate and standard samples are presented in
Appendices A and B, respectively. The certification process for the standards is
described in Appendix C.

Evaluation of Data

In evaluating the data produced by the participating laboratories as part of the
PNMIRS, the following procedure was established for the review of the QC sample
results. Participating laboratories forwarded completed results for a given
radionuclide and DCD to LLNL. Samples involved in the QC program (duplicate
pairs and standards) were then collated and compared and d'ﬂuninudxy~ﬂfhmnhicd{hm
our independent reviewer, Dr. C. D. Jennings of WOSC and later Eckerd College. QC
sample results (for each huanpo analysis requested) that met the three criteria
requirements described earlier in the text provided a basis of acceptance for the
entire set of samples contained in the DCD and would be recommended by Dr.
Jennings for inclusion into the PNMIRS data base. In the event that QC sample
results for a pﬁwwww'nmdhnmmmﬂﬂdk and DCD were unacceptable, the participating
laboratory was required to initially revalidate all numerical calculations and
'andlynmﬁd'prnwemhlu"»f(m the analyses in question. Should this effort fail to correct
the deficiencies, the participating laboratory was then required to re-analyze a
selected number of samples from the DCD, some of which were QC, for Hu=!'umun
radionuclide. If these re-analyses failed to correct the deficiencies, the results for that
radionuclide and DCD were rejected by Dr. Jennings and excluded from the PNMIRS
data base. This procedure continued for several years. Ultimately, when Dr.
Jennings was no longer available to continue as our independent reviewer, the
decision was made to terminate the use of an independent reviewer and to place
that responsibility in the hands of the LLNL Marshall Island Program Quality
Assurance personnel. Furthermore, the decision centered on the fact that our QC
process had been operating successfully for many years and the Bikini Atoll
Rehabilitation Committee, in its mwmmM'mfoullwou¢dlhﬂandsynngmmm,hmd
found cur QC program to be well established.

Summary of the Post Northern Marshall Islands Radiologic
Quality Control Results

al Survey

Qur results indicate that a high degree of compliance with respect to QC criteria was
achieved during this project. Over 90% n[th@ samples analyzed were found
acceptable for LJ%Pwvahﬂlhminmw' ﬁﬂ;ﬂ&mwwn1 in Table 2, !“)W.()filnﬂtf”%h analyses
”WM%Mmﬂnf\M IPAA EJW701”N37WH
analyses |

accepted. lhelu]uodu(knhnynf1mw‘m1dymnns paunlﬂaﬂy:uqmm@ntM1FMHnowlln




Table 2. Summary of the Post Northern Marshall Islands Radiological Survey
mmﬁnﬂMnnwwLoupmmmulmmmmummww¢mmhmﬁm

Laboratory Analysis method  Number requested® Number accepted?
LRE
Gamma 871 77b
mpﬁcﬁwwmwnqy
Radiochemistry 1,390 1,203
LLNL
Radiochemistry 515 465¢

NCSU

Gamma 4,566 4,023d

spectroscopy

Radiochemistry 192 192
TMA

Radiochemistry 2792 2,595
TOTAL 10,326 9,250

a Includes duplicates and standards.

b Number does not include 3 additional 60Co or 107 additional 40K values received but not
requested.
Number does not include 8 additional 238Pu values received but not requested.

d Number does not include 435 additional 60Co values received but not requested.

16 which show most of the data clustered about an ideal line. In the event that the
results for a DCD do not meet the quality control criteria established in the contract,
the laboratory performing the analyses is required to analyze a second set of samples
that are duplicates of the original samples. DCDs still found unacceptable do not
mm-vi1hu'Q)A;@nn(hﬂlncm‘andldruq’mKMijdlﬂnnm1 the dose assessment.

Standards of Participating

Summmmmy]%mﬁ@mwmwuwwmmﬁh@‘luphwmhﬁ;
Laboratories

The radionuclides most often measured in the progra am are 905r (beta counting),
137Cs (beta and gamma-ray spectroscopy), 239+240py and 238Pu (alpha pulse-height
mnmhwmﬂ,and 241Am (alph Lpuhﬂlumym.umﬂym&zmuigﬂnwnaray.ﬁMﬂUﬂ&wwwﬂ
There were 10,326 total analyses, including the duplicate and standard samples of
the QC program, requested of the four participating laboratories. The largest fraction
of the analyses was performed by NCSU at 46% followed by TMA at 27%, LRE at

22%, and LLNL at 5%.




Table 3 summarizes the number of duplicate and standard analyses associated with
the 10,326 total analyses performed onsmﬂLVm%ﬁMMMMn1WNwmhﬂﬂ animal, and
marine organism samples evaluated as part of the PNMIRS QC program. The
number of duplicates and standards presented for each individual sample matrix are
representative of the total number of those sample types sent for analysis. Since the
majority of samples sent for analysis were soils, more duplicate pairs and soil
standards of this matrix are reported. Conversely, since very few marine organisms
were sent for analysis, only a small number of duplicates and standards of that
matrix were sent. Of the 10,326 analyses evaluated herein, 18% were associated with
the QC program. On an individual laboratory basis, QC program analyses accounted
for 17% of NCSU's, 22% of TMA's, 14% of LRE's, and 20% of LLNL's total required
analyses.

While not necessary to the QA program, three laboratories, NC5U, LRE and LLNL
reported additional results for isotopes measured, but not required. NCSU reported
531 60Co values, LRE reported 3 60Co values and 107 49K values, and LLNL reported
8 238Pu analyses (all except 238Pu obtained by gamma spectroscopy). When a
laboratory reports isotopes that, while not required by the contract are included with
*mmlmp@ﬂﬁdliﬂﬂ,&p@ﬂWﬂlhﬁb&%mlOn1%@1MMHMWWW‘W(h@ewkﬁﬁwmﬂ‘ﬁOWWWWM

contract. leﬁmﬂmww1wﬂnWMwwﬂikw”HmwQ%uguh&ﬁmymmm¢1puumcnmlmu@d'mm
whether the attending standards and duplicates are approved.

Detailed Quality Control Results

In the graphic representation of chxplu.nﬁ‘Samnpme1wmmmm1nanmant&,{he results for the
two samples (A & B) are plotted on the X and Y axis respectively. In these figures,
the broken line represents duplicates that are in perfect agreement and is not a fit to

the data. Solid symbols depict duplicates that overlap at 2 o; open symbols depict
duplicates that do not overlap at 2 .

The standard sample measurement results are plotted against the certified value. In
these figures, the different standard types (different activity levels) havwlwwn
normalized by dividing the reported activity by the certified activity of the
corresponding standard. The horizontal lines represent the certified value
normalized to itself, plus and minus 1 o. Solid symbols depict standards that
overlap the certified value at 1 ¢; open symbols depict standards that do not overlap
the certified value at 1 o.

In the graphic representations of gamma spectroscopy to gamma spectroscopy and
radiochemistry to gamma spectroscopy results, a broken line is also used to
represent measurement results that are in perfect agreement and is not a fit to the
data.

-y



Table 3. Summary of the duplicate and standard analyses evaluated for each

participating laboratory as part of the quality control program for the Post Northern

Marshall Islands Radiological Survey.

Laboratory

LRE
LRE

SUBTOTAL

LLNL

SUBTOTAL

NCS5U

SUBTOTAL

TMA

SUBTOTAL
GRAND
TOTAL

Sample type

Soil
Duplicate
Standard

Vegetation
Duplicate
Standard

Marine

organism
Duplicate
Standard

Soil
Duplicate
Standard

Vegetation
Duplicate
Standard

Soil
Duplicate
Standard

Vegetation
Duplicate
Standard

Soil
Duplicate
Standard

Vegetation
Duplicate
Standard

Terrestrial

animal
Duplicate
Standard

Qe
Gy

28
9

14
11

2

65

15
52
48

40
30

172

269

137Cg  239+240py,

36 28
16 9

16 14
15 11

2

1
B6 62
22
21
9 9
8 9
17 61
230 7
159 4
9 2
21 2

419 15
13 52
41 42

25 40
28 30

”) ~
2 2

109 166

631 304

241 Am

46
16

26

15

103

o
45.4‘! ._;’

110
19»
21

363
52
42

40
33

2

169

641

Total

138

50

70

=4
o '

“.I.'
2

316

LY.
22

26

27
26

101

467
277
22
46
812

169
173

145

121

8

616

1845




Taken as a group, the acceptable gamma spectroscopy and radiochemical analyses of
soil and vegetation and the radiochemical analyses of terrestrial animals and
mmnﬂpcmvmmdnmlmwmtmhmﬂld;ﬂup(ﬂ<UWWJMNhPVWH1Ht'&M criteria, and thus
we are confident that these measurements accurately reflect the radionuclide
concentrations of the locations sampled.

Gamma Spectroscopy Analysis - Soil and Vegetation Samples

Results for acceptable gamma spectroscopy analysis of soil and vegetation samples
are summarized in Table 4 (LRE) and Table 5 (NCSU). Overall, the success rate for
gamma spectroscopy analysis of soil duplicate and standard samples was 81% and
100%, respectively, for LRE and 93% and 97%, respectively, for NCSU. The success
rate for gamma spectroscopy analyses of vegetation duplicate and standard samples
was 96% and 100%, respectively, for LR E and 100% and 93%, respectively, for NCSLI.

Figure 1 and Figure 3 present a graphic representation of the duplicate sample
measurements for 137Cs and 241Am measured in soil and vegetation by LRE and
NCSU. In the figures, the broken line represents perfect agreement and is not a fit to
the data. The range of duplicate soil sample activities measured was 0.020 to 300
pCi/g nnr1"(W,d1ml()nﬁﬂinmfuufﬂ i/g for 241Am. The range of duplicate vegetation
sample 137Cs activities measured was 3.2 to 586 pCi/g.

Kﬁ@kn%’“'rmP“ETﬁﬁ‘a; raphic representation of the standard sample measurements for
137Cs and ' ‘4|Ammkmmemsu1udle:mmd‘dnﬁlumﬁyﬂmnumn‘by';Jm“‘dmmirﬁt;JLL In this figure
the standards, ranging in activities, were normalized by dividing the reported

—

activity by the certified auhwntvikwnﬂunm‘d;nmug r) with the resultant values plotted. In
this figure 241Am is shown above 137Cs. The horizontal lines represent the certified
values normalized to itself, plus and minus 10%.

As expected, the lowest activity level samples showed the greatest differences when
compared as duplicates. Because these samples were low in activity, they have less
stringent error requirements, as shown in Table 1. Consequently, the accepted
values for low-activity samples deviates further from the ideal line than for high-
activity samples. Vegetation and soil analyses showed the greatest difference when
the samples were low in activity.

Vegetation, more than any other matrix, approached the limits of detection for
many of the contracting laboratories with a larger discrepancy in the results when
compared as duplicates. In analyzing vegetation samples collected from the
]Nmmnﬂmau.Lﬂkumﬂg,xmeasurimg,liﬂgbyduUAuLy;ggnexduy'ympﬂvnhad no problem. 241Am,
on the other hand, generally cannot be found in vegetation in high enough
concentrations to accurately measure by non-destructive means. While the
contracting laboratory measurements had to meet the second criterion as stated in
Hm:thﬂhnan‘nmyuhm,iu» 241Am in duplicates generally were at or below detection
levels and so were not plotted. While this may limit the amount of information
collected for 241Am in vegetation to that gathered by radiochemical means, it poses




Table 4. Acceptable gamma spectroscopy quality control results for duplicate pairs

and standard samples analyzed in soil and vegetation by Laboratory of Radiation
Ecology.

Delivery control Soil Soil
Document number total Duplicate pairs Standard samples
! E ,
Total of 4 137Csg 14 of 18 (78%) 6 of 6 (100%;
Total of 4 2414 m 15 of 18 (83%) 6 of 6 (100%)
Delivery control Vegetation Vegetation
- o - L"J . } ) 1.1’
Document number total Duplicate pairs Standard samples
Total of 3 137Cg 12 of 12 (100%) 4 of 4 (100%,
Total of 3 241 Am 11 of 12 (92%) 4 of 4 (100%;

Table 5. Acceptable gamma spectroscopy quality control results for duplicate pairs
and standard samples analyzed in soil and vegetation by Nuclear Energy Services,

North Carolina State University.

Delivery control Soil Soil
Document number total Duplicate pairs Standard samples
Total of 22 137Cg 214 of 223 (96%) 155 of 155 (100%)
Total of 22 241 A m 200 of 223 (90% 103 of 110 (94%)

Delivery control Vegetation Vepetation
. ) . - “!‘_: ] B ‘
Document number total Duplicate pairs Standard samples

I
Total of 1 137Cg 9 of 9 (100%) 18 of 21 (86%)
Total of 1 241 Am 9 0of 9 (100%) 21 of 21 (100%)

no limitation in establishing a database for 137Cs, which has been found to
contribute more to the radiation dose than 241Am. The accepted gamma
spectroscopy analyses for 137Cs and 241Am in soil and vegetation have a high degree
of compliance with the QC criteria.

10
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137Cs in Soil and Vegetation Duplicate Samples by Gamma Spectroscopy

The graphic representation of sample comparisons for 137Cs measured in soil and
vegetation duplicates by gamma spectr "rnTyzﬂwp@ﬁ'ﬂirlFﬁp1nT'1 The range of 137Cs
drtnnluamln@aﬂum(wi1n‘mmﬂwdlqﬂuc&nm»wwa%lﬂlﬂﬂlIan“}lN i/g for LRE and 0.020 to 300
pCi/g for NCSU. Owerall, the acc o;ﬂ@(lxmennu'vahxv of the ratio of the sample A

activity to sample B activity for 137Cs measured in soil duplicates by gamma
spectroscopy was 0.93 £ 9.6% for LRE and 1.0 £ 7 '“mlnrNN‘ﬂl The range of 137Cs
activi (M»Kﬁ?dmdnﬁmﬂlnlVW%J”&WMJHwdlq)Mldhm»WMwa34’ to 586 pCi/g for LRE and 4.2 to

48 pCi/g for NCSU. Lyventu,thmrqmccpmcdlmmeamuofllmylutm)&ﬂ.Hhc:mmmuphaxaammmeqV
to sample B activity for 137Cs measured in vegetation duplicates by gamma
spectroscopy was 0.96 & 11% for LRE and 0.99 % 21% for NCSU.

s

137Cs in Soil and Vegetation Standard Samples by Gamma Spectroscopy

The graphic representation of sample comparisons for 137Cs measured in soil and
V“y@1&humxmﬁarmhmniwlm / gamma spectroscopy appear as the lower group in Figure 2
Overall, the accepted mean value of ratio of the measured activity to certified
&Nﬂd@w&m"%‘mHWﬂmuvd1m«MH«mMMMmstygmuMMﬂwpmmuwmwpwvmm.ln+¢ﬂv%
(EN3BC) for LRE and 1.0 £ 2.4% (7903), 1.1 + 5.6% (8112), and 1.0 & 2.4% (8207) for
NCSU. For vegetation, t %mrovﬁudlaLuwﬂ@d‘mmau value of the ratio of the
measured activity to certified activity for 137Cs measured i P\v@p@hmhwwtﬂandaankw
gamma spectroscopy was 0.98 + 1.0% (8502) and 0.99 + 3.2% (8510) for LRE and 1.0 %
6.7% (8510) for NCSU. In reporting the ratios, the standard type is enclosed in
parenthesis.

21Am in Duplicate Soil Samples by Gamma Spectroscopy

The graphic representation of @HMPH(diP'mJW”)&*((HM%MMH%(W1»fﬂi 4'AIm measured in
smml by gamma spectroscopy appear in Figure 3. The range of ?41Am activities
measured was 0.063 to 0.23 pCi/g for LRE and 0.16 to 48 pCi/g for NCSU. Overall,
the accepted mean value of the ratio of sample A activity to sample B activity for
241Am measured in soil duplicates by gamma spectroscopy was 1.0 + 23% for LRE
and 0.99 £ 17% for NCSU.

241Am in Soil Standard Samples by Gamma Spectroscopy

The graphic representation of standard sample measurements for 241Am measured
in soil by gamma spectroscopy appear as the upper group in Figure 2. In this figure
the standards, ranging in activities, were normalized by dividing the reported
activity by the certified activity (both in dpm/g) with the resultant values plotted.
The horizontal lines represent the certified value normalized to itself, plus and

minus 10%.  Overall, the accepted mean value of the ratio of the measured activity
to certified activity for 241Am in soil standards was 1.0 £ 4.1% (EN3BC) for LRE and
090 £ 7.3% (7903) and 0.95 + 10% (8207) for NCSU. In reporting the ratios, the

standard type is enclosed in parenthesis.



Radiochemistry Analysis - Soil and Vegetation Samples

Results for acceptable radiochemical analyses of soil and vegetation samples are
summarized in Table 6 (LRE), Table 7 (LLNL), Table 8 (NCSU), and Table 9 (TMA).
Overall, the success rate for radiochemical analyses of soil duplicate and standard
samples was 95% and 87%, respectively, for LRE; 95% and 88%, respectively, for
LLNL; 100% and 100%, respectively, for NCSU; and 95% and 95%, respectively, for
TMA. The success rate for radiochemical analyses of vegetation duplicate and
standard samples was 89% and 100%, respectively, for LRE; 100% and 88%,
mmwmmﬁwﬂy,ﬂm’LUNL¢1MM%emMIMKthwmmﬁﬂWHwyﬁmrth.Jemui%&%zumlmwm,
respectively, for TMA.

h

T

Figures 4 through 8 present a graphic representation of the duplicate and standard
sample results for 90Sr, 137Cs, 239+240Py, and 241Am measured in soil and vegetation
by LRE, LLNL, NCSU, and TMA. The range of duplicate soil sample activities
measured radiochemically was 0.0063 to 185 pCi/g for 0Sr, 0.041 to 150 pCi/g for
137Cs, 0.0014 to 57 pCi/g for 239+240Py, and 0.00046 to 32 pCi/g for 241Am. The range
of duplicate vegetation sample activities measured radiochemically was 0.0014 to 11
pCi/g for 99r, 0.75 to 385 pCi/g for 137Cs, 0.0000060 to 0.026 to pCi/g for 239+240Py,
and 0.00013 to 0.020 pCi/g for 241Am.

The trends discussed with respect to the gamma spectroscopy analyses of low activity
level soil and vegetation samples is also apparent in the radiochemical analyses:
analytical results approached the limits of detection for many of the participating
laboratories with a larger discrepancy in the results when compared as duplicates.
This was particularly apparent in vegetation where 239+240Pu and ¢41A m
concentration levels in vegetation samples were often at or near detection limits for
some of the participating laboratories. Once again, because these samples were low
in activity, they have a less stringent error requirement. While detection limits
were accepted they were not plotted nor were they included in the overall ranges,
means, and standard deviation percentages. Despite some scatter that arose from
the low activity levels, the radiochemical analyses of 908y, 137Cs, 239+240Py, and
241Am in soil and vegetation yielded an acceptable data base. This is especially true
for 90Sr and 137Cs, which have been found to contribute the most to the radiation

soil and vegetation have a high degree of compliance with the QC criteria.



Table 6. Acceptable radiochemistry quality control results for duplicate pairs and
standard samples analyzed in soil and vegetation by the Laboratory of Radiation
Ecology.

Delivery control Soil Soil
Document number total Duplicate pairs Standard samples
Total of 4  90Sr 27 of 28 (96%) 8 of 9 (89%)
Total of & 137¢g 18 of 18 (100%) 8 of 10 (80%)
Total of 4 23942404y 26 of 28 (93%) 9 of 9 (100%)
Total of 5 241Am 26 of 28 (93%) 8 of 10 (80%)

Delivery control Vegetation Vegetation
Document number total Duplicate pairs Standard samples
Total of 4  905r 10 of 14 (71%) 11 of 11 (100%)
Total of 4 137Cs 4 of 4 (100%) 11 of 11 (100%)
Total of 4 239+240py 14 of 14 (100%) 11 of 11 (100%)a
Total of 4  241Am 13 of 14 (93%) 11 of 11 (100%)

a2 One approved at 12%.

Table 7. Acceptable radiochemistry quality control results for duplicate pairs and
standard samples analyzed in soil and vegetation by Lawrence Livermore National
Laboratory,

Delivery control Soil Soil
Document number total Duplicate pairs Standard samples
Total of 4 239+240p, 21 of 22 (95%) 18 of 21 (86%)
Total of 1 241Am - 5 of 5 (100%)

Delivery control Vegetation Vegetation
Document number total Duplicate pairs Standard samples
Total of 2 90¢, 9 of 9 (100%) 8 of 8 (100%)
Total of 2 137Cs 9 of 9 (100%) 7 of 8 (88%)
Total of 3~ 239+240py 9 of 9 (100%) 7 of 9 (78%)a
Total of 1 241Am - 1 of 1(100%)

2 One approved at 13%.



st

r

Table 8. Acceptable radiochemistry quality control results for duplicate pairs and

standard samples analyzed in soil and vegetation by Nuclear Energy Services, North
) 3 ¥

Carolina State University.

Delivery control

document number total Duplicate samples Standard samples
Total of 1 905y 7 of 7 (100%) 4 of 4 (100%)
Total of 1 137Cs 7 of 7 (100%) 4 of 4 (100%,;
Total of 1 235+240py 7 of 7 (100%) 4 of 4 (100%;
Delivery control Vegetation Vegetation
document number total Duplicate pairs Standard samples
Total of 1 890Gy 2 of 2 (100%) 2 of 2 (100%.
Total of 1 239+240py 2 of 2 (100%) 2 of 2 (100%)a

A Ome standarc approved at 13%.

Table 9. Acceptable radiochemistry quality control results for duplicate pairs and
standard samples analvzed in soil and vegetation by Thermo Analytical Norcal,

Delivery control

Document number total Duplicate pairs Standard samples
Total of 12 905y 49 of 52 (94%) 44 of 48 (92%)
Total of 12 37Cs 13 of 13 (100%) 38 of 41 (93%)ab
Total of 12 239+240p, 49 of 52 (94%) 40 of 42 (95%)
Total of 12 241Am 50 of 52 (96%) 42 of 42 (100%)¢

Delivery control Vegetation Vegetation
document number total Duplicate pairs Standard samples
Total of 13 990Gy 38 of 40 (95%) 30 of 30 (100%)d
Total of 11 137Cs 25 of 25 (100%. 27 of 28 (96%)
Total of 13 239+240pyy 40 of 40 (100% 30 of 30 (100%)e
Total of 13 241Am 39 of 40 (98%) 31 of 33 (94%)t8

4 One DCD approved at 14%.
b One DCI approved at 12%.
€ One DCI

d One DCD

e

[

D

D approved at 13%.

D approved at 11%.

One DCD approved at 13%.

f One DCD had three new standards run at a later time. Results were 2 for 3 at 20%.  Cleared for
payment by WLR.

& One DCD approved at 14%.
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90Sr in Soil and Vegetation Duplicate Samples by Radiochemistry

The graphic representation of comparative results for 905r measured in soil and
V@WWHHWNkaﬂWﬁT‘ﬁ”ﬂpWHIW'MNUW}WMHMNyr”qu in Figure 4. llwwumw@(%
90Sr activities measured in soil was 0.18 to 160 pCi/g for LRE, 1.8 to 38 pCi/g for
NtTM],amil)UUbBtu 185 pCi/g for TMA. [m'xamk@in‘“"n (|HH“M&[HPdSHHHﬂIH
vegetation was 0.0068 to 11 pCi/g for LRE, 0.046 to 0.3 pCi/g for LLNL, and 0.0014 to
9.9 pCi/g for TMA. Overall, the accepted mean value of the ratio of the sample A
euﬂijQWtw»qanmrdw'ﬁ activity for 90Sr measured in soil duplicates by radiochemistry
was 0.98 * 12% for LRE, 0.98 * 3.4% for NCSU, and 1.2 + 39.4% for TMA. The
accepted mean value of the ratio of the sample A activity to sample B activity for
905r measured nl\mua(thnmlmhqph(a vwl)vlnuiun]h-nlwmry was 1.0 £ 17% for LRE, 1.1
1 18% for LLNL, and 0.93 &

22% for TMA.

908r in Soil and Vegetation Standard Samples by Radiochemistry

The graphic representation of comparative results for 90Sr measured in soil and
vegetation standard samples by radiochemistry appear as the uppermost group in
Figure 5. Overall, the accepted mean value of the ratio of the measured activity to
certified activity for 90Sr in soil standards (standard type listed in brackets) by
mmﬁmdmwmﬁhywwwaT]*F"”Wa(%mmﬂewmlmq*+”PW%(% 12) for LRE, 1.1 £ 1.8% for
PMﬂﬂLuMMﬂTT - 7.9% (78085), 1.0 £ 6.4% (7903), 1.0 £ 4.0% (8112), 1. l*l‘”mi&NWW
and 1.0 + 11.6% (8502) for TMA. The accepted mean value of the ratio of the
measured activity to the certified activity for 90Sr measured MH‘wegﬁmatMmmzmmnmdnrdm
lxy:mmﬂhmch@TmTMTwrwvaq']()4-@“1W»(’%JwHJW¢nvd 1.0 + 4.6% (8510) for LRE, 1.1 + 6.5%
(8510) for LLNL, and 1.0 £ 5.7% (7808V) and 1.1 £ 7.2% (8510) for TMA.

137Cs in Soil and Vegetation Duplicate Samples by Radiochemistry

The graphic representation 0f«mon1parathw9'mmmmh”;fm“'“'Wis n19|qur9d.tn soil and
vegetation duplicate samples by radiochemistry appear in Fig The range of
137Cs activities measured in soil was 0.041 to 120 pCi/g for Hl'.,()nﬂb to 30 ptl/grinw
NCSU, and 0.34 to 150 pCi/g for TMA. The range of 137Cs activities measured in
vegetation was 5.0 to 385 pCi/g for LRE, 31 to 190 pCi/g for LLNL, and 0.75 to 240
pCi/g for TMA. Overall, the accepted mean value of the ratio of sample A activity
twsﬁnvqﬂvh!Lmrﬁﬂﬂtv1PM'13mCSwnmmawuﬂed‘hﬂExﬁlcjurﬂhﬁﬂmM;ngrac“cmfuﬂmﬂﬁtnywmﬁm;OAMS
+ 13% for LRE, 0.99 £ 5% for NCSU, and 1.0 £ 11% for TMA. The accepted mean
value of the ratio of Ume;ﬁnTWMM9ﬂmemﬁivhgwbo:mmmug&%kiamiwv“yrﬁor'“”kwglwu,vMand‘hw
vvy@hﬂknud\qﬂkﬁ&@shwrmmﬁomhenﬂsny'weﬁ'LO:tQﬁN%IIWIURI 1.0 + 8.4% for LLNL,
and 1.0 £ 7.5% for TMA.

137Cs in Soil and Vegetation Standard Samples by Radiochemistry

The graphic representation of comparative results for 137Cs measured in soil and
vegetation standards by radiochemistry appear as the second group from the top of
Figure 5. Overall, the accepted mean value of the ratio of measured activity to
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certified activity for 137Cs in soil standards (standard type shown in brackets) by
radiochemistry was 0.99 + 6.4% (78085) and 1.1 + 4.6% (8112) for LRE, 1.1 + 2.5% for
PJ:TH],<HMﬂ‘LJHL.I}Wb‘/ﬁﬂwwﬁ,ldo 3.1% (7903), 1.0 £ 0.8% (8112), 1.0 £ 5.2% (8207), and
1.0  5.6% (8502) for TMA. ‘Hhe‘a"r“ﬂh<i mean value of the ratio of the measured
activity to certified activity for 137Cs measured in vegetation w¢HHMHdw by
radiochemistry was 0.91 & 6.6% (7808V) and 1.0 * 4.9% (8510) for LRE
(8510) for LLNL, and 0.94  13% (7808V) and 1.0 £ 8.2% (8510) for TMA.

239+240Py in Soil and Vegetation Duplicate Samples by Radiochemistry

The graphic representation of comparative results for 239+240Py measured in soil
and vegetation duplicate samples by radiochemistry appear in Figure 7. The range

* 239+240Py activities measured in soil was 0.0014 to 16 pCi/g for LRE, 0.070 to 20
pCi/g for LLNL, 0.0036 to 5.2 pCi/g for NCSU, and 0.0014 to 57 pCi/g for TMA. The
range of 239+240Py activities measured in vegetation was 0.00013 to 0.013 pCi/g for
LRE, 0.0000060 to 0.00012 pCi/g for LLNL, and 0.00012 to 0.026 pCi/g for TMA.
Overall, the accepted mean value of the ratio of the sample A activity to sample B
aﬁﬂvlurh»l?VQ'“Nﬂﬂiln@asurml1m1@0ﬂ1du1d anywkwwr@dmuktmnrﬁlywmaa 0.98 * 15%
for LRE, 1.1 £ 15% for LLNL, 0.98 * 5.0% for NCSU, and 0.99 £ 19% for TMA. The
qmmkm®dmelm‘wﬂu@«mfﬂhzxunulmfﬂh'%dnqﬂu‘A:minuhyto‘wunphlﬁidnmvHV1MW
239+240Py measured in vegetation duplicates by radiochemistry was 1.0 % 44% for

LRE, 1.2 £ 25% for LLNL, and 1.3  53% for TMA.

239+240Py in Soil and Vegetation Standard Samples by Radiochemistry

The graphic representation of comparative results for 239+240Py measured in soil
&nmd vegetation standards by radiochemistry appear as the third from the top group
in Figure 5. Overall, the accepted mean value of the ratio of the measured activity
to the certified activity h:r3’9*?*@Phlwnllwhnmdhn(h,szlaMhunlmwrmonuy bmuuuda:d type
listed in brackets) was 0.99 + 6.2% (78085) and 1.0 & 2.6% (8112) for LRE, 0.91 * 7.4%
for LLNI W(’Eﬁ'* 0.4% for NCSU, and 1.0 £ 9.9% (7808%), 1.0 + 1.5% (7903), 1.0 - '] 8%
(8112), 1.0 £ 3.6% (8207), and 1.0 £ 5.6% (8502) for TMA. The accepted mean value of
wmaraUU‘ufthe1mmmmmmedlmﬂﬁwny to certified activity for 239+240Py measured in
vepw%afkuwﬂﬂﬂﬁmﬂTuﬂ&lﬁyxﬁmﬁmmﬁmmmﬂﬁmQyxmasl&&Eii:1l“b(7%ANUU1‘nmi()@W 3.8% (8510)
for LRE, 0.83 £ 16.7% (8510) for LLNL, and 0.98 £ 5.7% (7808V) and 1.1 *!5!”@ 8510)
for TMA.

241Am in Soil and Vegetation Duplicate Samples by Radiochemistry

Th@iwaphkwwmmwwwhﬂhwnnfcwwwmnﬂhﬁ*Nmnhﬂfm'?“UMHlﬂPWMW@ﬂfm'%ﬂland
vegetation duplicate samples by radiochemistry appear in buwntiﬂ The range of
241Am activities measured in soil was 0.0018 to 12 pCi/g for LRE and 0.00046 to 32
pCi/g for TMA. The range of 241Am activities measured in vegetation was 0.000045
to 0.0041 pCi/g for LRE and 0.00013 to 0.020 pCi/g for TMA. Overall, the accepted
mean value of the ratio of the sample A activity to sample B activity for 241Am
measured in soil duplicates by radiochemistry was 1.1 + 19% for LRE and 1.0 + 23%
for TMA. The accepted mean value of the ratio of the sample A activity to sample B
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activity for 241Am measured in vegetation duplicates by radiochemistry was 1.0 &
54% for LRE and 1.0 & 20% for TMA.

241 A in Soil and Vegetation Standard Samples by Radiochemistry

The graphic representation of comparative results for 241Am measured in soil and
vegetation standards by radiochemistry appear as the fourth group from the top in
Figure 5. Overall, the accepted mean value of the ratio of the measured activity to
certified activity for 241Am in soil standards (standard type in brackets) by
'adhukmwm.ﬂerWas 1.0 £ 6.7% (78085) for LRE and 1.1 £ 8.5% (78085), 1.0 + Qiﬂ%
(7903), 1.0 + 6.0% (8112), 1.0 % 2.3% (8207), and 1.0 = 7.1% (8502) for TMA. The
accepted mean value of the ratio of the measured aglvuny'tc»Cfmtﬂﬁpd activity for
“”H&nm measured in vegetation standards by radiochemistry was 1.1 + 5.8% (7808V)
and 0.92 % 11% (8510) for LRE and 1.4 £ 9.8% (7808V) and 0.99 % 6.3% (8510) for TMA.

Radiochemistry Analysis - Terrestrial Animals

Results for acceptable radiochemical analyses of terrestrial animal samples, all
performed by TMA, are presented in Table 10. Since only a small number of
terrestrial animal samples were sent for analysis (24 total samples), only two
standards were included. The graphic representation mft@'NMWWkﬂ animal standard
(7808A) h,rm@%@(m@clmmjh@lu4’ﬁ‘hnr“”Hl 239+240Py, and 241Am respectively. Overall,
the success rate for radiochemical analyses of terrestrial animal standard samples
was 100%. All samples contained only small amounts of activity and met the QC
criteria.

Table 10. Acceptable radiochemistry quality control results for duplicate pairs and
standard samples analyzed in terrestrial animals by Thermo Analytical Norcal,

Delivery control
document number total Duplicate pairs Standard Samples

Total of 1 90y - 2 of 2 (100%)

137 ga

Total of 1~ 23%+240py  — 2 of 2 (100%)

Total of 1 1Am - 2 of 2 (100%)

a Chemistry values for 137Cs were lost when an ashing oven malfunctioned.
Radiochemistry Analysis - Marine Organisms

Results for acceptable radiochemical analyses of marine organism samples, all

performed by LRE, are presented in Table 11. Since only a small number of marine
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organism samples were sent for analysis (11 total samples), only two duplicate pairs
and one marine organism standard were included. Overall, the success rate for
radiochemical mmﬂyﬁ%<mfrmnmm»@umnwwn(hqﬂuah'und standard samples was
75% and 100%, respectively. Figures 4, 5, anui4»Kwﬁmmnntaxgu(}’mu'rtmnnmwnlhnlnnlm%
“M.(hlpmtﬁM’dn&lﬁhMN]MWl<J:MH1MN|I%lh%@dzhwlﬂuphd|ﬁdrnph‘lUM]“@ for 99Sr and
137Cs measured in marine organism samples. Overall, all samples contained only
small amounts of activity and met the QC criteria.

Gamma to Gamma Cross-Counts Between Laboratories

Figures 9 and 10 present a graphical representation of the gamma to gamma cross-

count comparisons for 137Cs and 241Am measured in soil and vegetation by LRE and
NCSU to LLNL gamma spectroscopy. LLNL gamma spectroscopy results were at or
below detection limits for 241Am in the vegetation, do to the low activity levels, and
50 were not compared. The ranges of gamma to gamma cross-count comparisons in
liandwwww1mmmrwummw'whvnuﬁwwuuﬂ(nﬂln=4hkﬁl,pi&u1“M s in soil, 0.090 to
38 pCi/g for 241Am in soil, and 1.1 to 410 pCi/g for 137Cs in vegetation. As expected,
samples that exhibited the lowest activity level had the greatest differences when
compared to the measurements of LLNL.

When a DCD returns from the analyzing laboratory, roughly 10% of the samples are
randomly selected for cross-count analysis. This allows a comparison between the
participating laboratory and our own gamma spectroscopy facility. Used as a spot

check, any discrepancies between counts could indicate an error by either analyst or
analytical hardware. While duplicates sent with the DCD performed the same
function, the advantage of this comparison is that it allows for a cross-check over a
variety of samples instead of just the duplicate samples sent. This system works
well within a broad range of values, but it does have limitations. If the sample
acﬁmdty1E;$m&ﬁkﬁemmkylxnm,llmeEﬁMJurmlrneasurenmenhs‘NiH approach detection limits

Table 11. Acceptable radiochemistry quality control results for duplicate pairs and

standard samples analyzed in marine organisms by the Laboratory of Radiation
Ecology.

Delivery control

Document number total Duplicate pairs Standard samples
Total of 1 90y 2 of 2 (100%) 1 of 1 (100%)
Total of 1 137Cg 1 of 2 (50%) 1 of 1 (100%,

26



and will yield unacceptable comparisons. Therefore, a method to determine

acceptable gamma to gamma spectroscopy results was required.

The method developed, utilized a 3 sigma test. Any comparison failing a 3 sigma
test is not significantly similar and so, should be excluded from calculations
determining ranges, means, or fractional standard deviations. The 3 sigma test
generates ranges by adding plus and minus Binlmm,th@‘unuwnxnp'!rmnrlfmFﬁWTIrm“ﬂmp
corresponding values. Considered similar if the ranges overlapped and dissimilar if
they did not, only similar values were used for calculations. ~ All gamma to gamma
cross-count comparisons were plotted and took this 3 sigma test.

137Cs in Soil and Vegetation

T'he graphic representation of gamma spectroscopy to gamma $pecw{mcc:”
measurements for 137Cs measured in soil and vebaumnun appear in Figure 9.
range of 137Cs activities compared in soil was 0.034 to 150 pCi/g h)rK][};unuﬂ(M0181M)
246 pCi/g for NCS5U. Ihf‘hﬂnk@“ﬁf]!'k‘md('”ﬂ““"ﬂilﬂﬂ%k”"“illlNWﬂ."HWON;VWWSIL]‘wV
410 pCi/g for LRE and 4.3 to 107 pCi/g for NCSU. Overall, the accept

of the ratio of the participating laboratory activity to LLNL d1tunuy f(n 137Cs
measured in soil samples by gamma spectroscopy was 1.0 £ 10% for LRE and 1.0 ﬁ

16% for NCSU. The accepted mean of the ratio of the participating laboratory

)

activity to LLNL activity for 137
spectroscopy was 1.0 * 12% for LRE

; measured in vegetation samples by gamma
2 and 0.98 £ 5% for NCSU.

1A m in Soil

The graphic representation of gamma spectroscopy to gamma spectroscopy
compa

sons for 241Am measured in soil appear in Figure 10. The range of 241Am
activities compared was 0.090 to 15 pCi/g for LRE and 0.12 to 38 pCi/g for NC5U.
Overall, the accepted mean value of the ratio of the participating laboratory activity

ﬁmﬁPHWYzMﬁVﬂyfthWUMnlmpmmn@dinGmﬂ:%mmﬂesbw;ywnwmxwmmhm&mww'wmﬁ
0.87 £ 30% for LRE and 1.1 & 41% for NCSU.

Radiochemistry Analysis Versus Gamma-Spectroscopy Analysis

FW@WU%ﬁéll‘anﬁllﬁlpmfﬁﬁfﬂia}gniphdcaﬂKETITWTWHHthn1ﬂftfw’rﬂC“CWTNHTHPﬂliHmahwﬁG to
fWTHMWHiGWMH%TCﬁrT%Vy(WWTqmafL
soil and vegetation by I k.:nnllwhki)ﬂﬂhﬂ gmmmnzqwnhwmquz Ihcxamﬁm(ﬁ
radiochemical analyses to gamma spectroscopy analyses in soil and vegetation
sarnpﬂe;mﬂivnhnﬁunn;IHOHmw(HvUUW}pL1,k'bnrlh'£ﬁmlm‘ﬂnJ 63 to 0.( Wﬂ]ptl,k’hnr‘4”¢\nl
in soil, and 0.28 to 385 pCi/g for 137Cs in vegetation. As expected, samples that
exhibited the lowest activity level had the greatest differences when compared to the
measurements of LLNL.

Since all samples are measured by gamma spectroscopy by LLNL prior to
radiochemical analysis, a comparison between the results of gamma spectroscopy
and radiochemistry is easily made. Any discrepancy indicates a potential error by
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either the analyst or a systematic error in the analytical procedures used. While
standards sent with the DCD performed the same function, an advantage of this
comparison is that it allows for a cross-check of each sample sent. This system
works well within a broad range of values but it does have some limitations. Since
radiochemical analysis is more sensitive than gamma spectroscopy, the counting
error associated with gamma spectroscopy tends to approach detection limits faster
than the same sample analyzed radiochemically. If the sample is sufficiently low in
activity, the gamma measurement will approach detection limits and yield an
unacceptable comparison. Therefore, a method was required to determine
acceptable radiochemistry to gamma spectroscopy comparisons.

Since a similar problem was faced during the gamma to gamma cross-count
comparison, the same solution was used to determine acceptable radiochemistry to
gamma spectroscopy comparisons. Any radiochemical to gamma spectroscopy
analysis comparison which failed a 3 sigma test was determined not significantly
similar and would not be used in determining ranges, means or fractional standard
deviations. All samples compared radiochemically to gamma spectroscopy were
evaluated by this test. It was during the application to all samples that an additional
limitation was discovered. Though to a lesser extent, samples high in activity were
failing the 3 sigma test as well. These samples had such small er ssociated with
the count that when the 3 sigma test was applied, they did not overlap. These
samples were treated in the same manner as those with small activities and large
errors, i.e., plotted but not used in the calculations.

137Cs in Soil and Vegetation

h@gmmphm‘mqmemwﬂanum«m1mnum%wnnﬂty miﬂnnmmlqmu1mwmwpy((mmmuvwms
for 137Cs measured in soil and vegetation appear in Figure 11. The range of 137Cs
a¢MNutmm,vnrmpmmemlum.mnlwmmw.ﬂ(ﬂﬂﬂitc>l»»]wtn,$r£0r]}R]3amu1(WUW'»h» Hﬂ!rﬂ i/g for
TMA. The range of 137Cs activities compared in vegetation was 2.0 to 385 pCi/g for
LRE, 2.0 to 204 pCi/g for LLNL, and 0.28 to 344 pCi/g for TMA. Overall, the accepted
mean value for the ratio of the participating laboratory radiochemistry activity to
Llﬁﬂ;gawwmaﬂpm%mwwnpszMWﬂy1km13mﬂznwmmumﬁﬁkxmﬂﬂgawwmﬁrwaﬂoﬁﬁct
31% for LRE and 1.0 + 9.7% for TMA. The accepted mean of the ratio of the
puuympaunh laboratory radiochemistry activity to LLNL gamma spectroscopy
activity for 137Cs measured in vegetation samples was 1.0 + 6.2% for LRE, 0.93 + 6.0%
for LLNL, and 0.96 + 6.8% for TMA.

]
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241 Am in Soil

JHM*@mwﬁnrlwpmwwnmnuw1mfrddmmh@HNMJVln Wnnwm1sumtmm«npy1uwwhwiu
241Am measured in soil appear in Figure 12. The range of 241Am activities
compared was 0.033 to 16 pCi/g for LRE and 0.087 to 63 pCi/g for TMA. Overall, the
accepted mean of the ratio of the punhcqnﬂNWp laboratory radiochemistry activity to
LLNL gamma spectroscopy activity for - 241 Am measured | in soil samples was 1.0 %

24% for LRE and 1.1 + 14% for TMA.

P
bl

Intercalibration and Split Sample Analyses for LLNL Health and
lhwnlw*nwdﬂAMﬁmuwsmm@nm]]ﬁwimmwn4mmnﬂ»ﬂnmmllﬂmmlwleﬁ

h1a@MW%mnt@qmmrhﬂﬂmmd]UUNL<mdmwammmeww1qnaﬁﬂrcdnwoﬂbﬂﬂﬂ]mmwnmn
described above we participate in international QC programs with a variety of
agencies and institutions. We have participated in standard certification excerises,
interlaboratory comparisons, and/or split-sample analyses with the following:

nternational Atomic Energy Agency (IAEA) - Monaco
memh‘AMmmthmﬂgyCMMHMM&mmnHRMMLF%mmx

GSF Institute - Munich, Germany

100 worldwide laboratories through IAEA
Department of Public Health - Hamburg, Germany
Environmental Measurement Laboratory (EML) - New York, New
York
University of North Carolina - Raleigh, North Carolina
University of Washington - Seattle, Washington
TMA Norcal - Richmond, California

Marshall Islands Nationwide Survey - Majaro, Marshall Islands

We have also completed split-sample comparisons with other groups that have
been retained by the Enewetak community, Bikini community, Republic of the
Marshall Islands Government, and United States Congress to review our program.
These intercomparisons were conducted on samples that these organizations were
in charge of collecting. These groups are:

Epic

ngical Research Inc.

s group was hired by the Enewetak people to review our program.
The people were Nancy Dryer, an u;md«wmlohoyrst Dr. Henry Kohn of
Harvard University; and, Dr. John Harley of the U.S5. DOE
Environmental Measurements Laboratory.
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Bikini Atoll Rehabilitation Committee (BARC)

Formed by the U.S. Congress to review our program (plus resettlement
issue in general) for the Bikini people. The members were:

Dr. Henry Kohn, Chairman (Harvard - retired)
Dr. Frank Peterson, University of Hawaii

Dr. Earl Stone, University of Florida

Dr. Arthur Kubo, BDM Corporation

Rongelap Reassessment Programs

Dr. Paretzke - GSF Institute, Munich, Germany
Dr. Boikat - Department of Public Health, Hamburg, Germany

International Atomic Energy Agency - Monaco

The following discussion and data represent some of our past and most recent
quality assurance activities. In Table 12 are listed the results of an ongoing
intercalibration with JAEA beginning in 1972 up through 1991. More recent results
on IAEA intercalibration samples are listed in Tables 13 through 16 and Figures 13
through 15. Our results have always been in excellent agreement with the adopted
IAEA value for their intercalibration standards.

Intercalibration on Standards

In 1991 the French Atomic Energy Commission requested that an analytical

validation of Lmhomuduh'cmnuwmnnmmw.uw»wn@r(mml]mmﬂdun‘mmWMWﬁlmmm
Mururoa Atoll be run through IAEA, Monaco. We were asked to participate by the

French and IAEA. The results for the three laboratories are shown in Tables 17 and
18 and demonstrate excellent agreement between the laboratories on nearly a dozen
radionuclides.

The results given by the three laboratories are in full agreement for all radionuclides
analyzed. The activity concentrations measured in March 1991 confirm values
given for previous years. In seawater sample n 2, a trace pf 239+240Py (three times
oceanic background noise), coming from lagoons, is measured. On the other hand,
mulxmuw«ﬂrm"30<ur157C$ has been detected, in spite of particularly low detection
limits (<10-1Bq/m3).

A second intercalibration exercise on fish, invertebrates, water, and sediment
samples collected from Mururoa Atoll by the French scientists, with participation
from the United States and IAEA Monaco, was conducted in 1994. The results,
completed in 1995, from several laboratories are listed in Tables 19 and 20. Our
results are in excellent agreement with the mean values from the participating
laboratories.
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Table 13. Measurement of International Soil Standard No. 367.

Values or laboratory Concentration (Bqg/kg)
290G 137 239+240pyy 241 Am

Median of 68 international 102 195 38 26

laboratories (50-132)a (162-230)a (24-51)a (18-34)a
LLNL 102+ 2 194 +2 39+1 25+3
[AEA» e 192+ 6 42 +3 27+ 2
France Atomic Energy

Commission - 196 £ 10 38+1.5 28472

NISTC e 190+8 -

4 Values in parenthesis represent the range of accepted means.
b International Atomic ] Energy Agency, Monaco.
¢ National Institute of Standards and Technology.

Table 14. Measurement of International Soil Standard No. 368.

Values or laboratory Concentration (Bq/kg)
905y 239240y 241 A0 m
Median of 68 international 1.8 32 1.3
laboratories (0.18-8.6)a (18-39)a (0.8-1.9)a

LLNL 1+2 29+ 1

0.9+0.8

4 Values in parenthesis represent the range of reported values.

Table 15, Measurement of International Soil Standard No. 352.

Values or laboratory Concentration (Bqg/kg)
1375 210 210pPg
[AEAa
Recommended value 2.7 2.2 0.6
LLNL 28107 28+05 0.6£0.3

International Atomic Energy Agency, Monaco.

Table 16. Measurement of Lawrence Livermore National Laboratory vegetation

standard 8510,

Values or laboratory Concentration (Bq/kg)
40K 60Co 137Cs
LLNL
Gamma Spectroscopy 10.3+£0.75 0.39 + 0.037 2.3+0.12
Radiochemistry — — 2.2
MW%ﬁ 9.9+ 1.2 0.34 £ 0.066 2.2%£0.35

' International Atomic Energy Agency, Monaco.
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Table 18. Activity Concentration in Plankton (in Ba/kg wet).

Samples Planktonn 1 Plankton n 2
Wet/Dry
weight
ratio 8.0% 7.58
Laboratory | AIEA Livermore SMSR AlEA Livermore | SMSR
40K KKEE IVETW] EREIE! 6T 1.4 KR 3T
ST e PZOVERA WS ST TR 5TTET0
347 ][ 4101 1.5 + 0.08 b 1.4/ £ 006 1.4 £ 0.1 141+ 0.07 1.18 4 0.U6
238y 137 1 0.04 1.27 £ 0.03 1.14 £ 0.06 1.46 + 0.04 1.14 £ 0.02 1.30 1 0.0
6UCo nd rcd ro nd nd nd
NGp nd el ncl | nd nd ncl
124Cs nd nd rd ! nd nd nd
137 nd 0.030 0009 nl ‘ nd 0035 £ 0.008 nd
D9y (9.1 +1.00105 | (244 1.7).107 | (95 £ 1.2.107 [ (6.4 £ 1.3.10% [ (79 % 1.1).10°% | (6.2 £ 1.1).10

nd: not detected, because under the detection limit of instrumentation.

Table 19. Mean Radionuclide concentrations from eight laboratories in biota
samples collected inside, outside and on land of Mururoa Atoll (Bq kg1 wet weight);
nLLNL values are in parentheses.

J@”MW“MN 40K 60Co 90¢y 137
Fish Rangiroa 123+ 17008+3)  <0033° (<0.6) 0.019 + 0.005 (<0.022)  0.24 % 0.03 (0.26 £ 0.03)
Lmhumm) 110 + 44 (118 £ &) 0.037 + 0.007 (<0.4) <0.010° (<0.012) 0.31 % 0.02 (0.32 £ 0.04)
North
Fish Sector 123+ 23 (86 £ 9) 0.028 £ 0.017 (<0.5) <0.014° (<0.016) 0.30 £ 0.02 (0.29 + 0.06)
South
Fish Sector East 123+ 18(109 £ 4)  0.030 + 0.004 (<0.4)  <0.021° (<0.028) 0.27 £ 0.03 (0.30 & 0.04)
Fish Sector West 119+ 11 (111 3)  0.054 + 0.015 (<0.4)  <0.017° (<0.012) 0.35 £ 0.03 (0.31 * 0.05)
Clam 73791683 319404031 0.1) 0018+ 0.05(<0.011)  (.032 + 0.014 (0.02 + 0.01)
Turbo 869 + 103 (77 +3) 0036 + 0.013 (<0.7y  <0.017° (<0.016) 0.033 + 0.012 (0.03 £ 0.01)
Lobster 135+ 20 (128 £ 4)  0.027 + 0.001 (<0.5)  0.02 £ 0.01 (<0.02) 0.103 £ 0.015 (0.10 + 0.02)
Coconut water® 58.1+58 «0.028° 0.006 % 0.003 0.193 + 0.044 (0.168 + 0.003)

° Estimated value
A Bl

The 1AEA, Vienna provided a standard for an intercalibration exercise as part of a
Coordinated Research Program (CRP) involving 14 different countries. Qur results
from that exercise are compared in Table 21 with the IAEA accepted values.

An interlaboratory comparison of split samples was conducted as part of the

’wnpﬂapl%wmmmwwwntFWH@N“WWMW@M(MMWMbﬂwwmmrﬂmﬂ1hwmm0fEW'PHW%ZM&
GSF, Munich, Germany and Dr. Boikat at the Department of Public Health in
Hamburg, Germany. Dr. Paretzke joined one of our field un&ﬂunﬁ<munng which
soil and vegetation samples were collected and divided in the field. Equal amounts
of soil and vegetation were sent to each of the laboratories. The fresh vegetation
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Table 20. Mean Radionuclide concentrations from eight laboratories in biota
samples collected inside, outside and on land of Mururoa Atoll (Bq kg1 wet weight);
LLNL values are in parentheses.

Sample 238py 239+240py,

Fish F ]i’.;‘l'[‘l]E"i‘]"l[‘NEl <0.00014° («0.00014) 0.00012 £ 0.00003 (<0.00014)
Fish Sector 0.000037 £ 0.000006 (<0.003) 0.00029 £ 0.00005 (<0.002)

North
Fish Sector South <(.00016° (<0.0002) 0.000184 + 0.000075 (<0.0002)
Fish Sector East <(.00020° («0.0003) 0.00016 £ 0.00009 l[ <0.0003)
Fish Sector West 0.000158 =+ 0.000024 (<0.0001) 0.000411 £ 0.000131 («<0.0001)
Clam 0.148 + 0.006 (0.144 + 0.007) 0.618 + 0.033 (0.62 £ 0.03)
Turbo 0.0147 + 0.0010 (0.014 % 0.001) 0.110 % 0.007 (0.112 + 0.008)
Lobster 0.00032 + 0.00012 (<0.0003) 0.0021 £ 0.0002 (0.0023 £ 0.0005)
Coconut water” <0.000036° (<0.00002) 0.000046 £ 0.000005 («<0.00002)

°Estimated value
A Bgl-?

Table 21. IAEA Intercalibration Exercise as part of a Coordinated Research Program
(Bg ke,

Soil TAEA 6 Grass IAEA 373
1370 T3¢ 137Cs T34(g
LINL 43+ 3 <3 11,368 + 441 461 + 14
TIAEA 409 - 11,568 451

samples were divided as evenly as possible. However, it is impossible to get the
exact same coconut, frond, Pandanus fruit, or arrowroot sample. Consequently,
ﬂwwemueﬁd@miwmmMMMms1m1mw;%¥szc0mnuM5am@lpammmum;hmmthutmatwn
samples and slight differences in the location of arrowroot taken. Some of the
statistical error shown in the tables could be do to this sample variability. But
overall, even with this potential variability, the comparative results are very good.

The results of Hn@.lmulyaw,:ﬂ the vegetation samples from Rongelap and Ailinginae
Atolls are shown in Table 22. The mean ratio of the Paretzke/Boikat data to LLNL
data was 0.96. Shown in Table 23 are similar results for vegetation samples collected
at Bikini Atoll. The mean ratio of Paretzke/Boikat data to LLNL data is 1.04.
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Table 22. Interlaboratory comparison of split samples for 137Cs in Ailinginae and
Rongelap vegetation samples - Rongelap | Reassessment Program versus Lawrence

" & ) &
Ldve1mnuxe.Nhummmuﬂlla&MWHMMmuh

Atoll and 137Cs concentration Ratio of Paretzke and
sample type (pCi/g wet weight) Boikat to LLNL
Paretzke and Boikat LLNL
Ailinginae
Coconut rneat 0.45 0.45 1.0
Coconut meat 0.69 0.77 0.99
Coconut meat 0.67 0.63 1.06
Coconut crab 0.96 1.09 0.88
Rongelap
Coconut meat 4.8 4.6 1.04
Coconut meat 2.4 4.5 0.53
Breadfruit 4.4 3.9 1.13
Coconut meat 4.7 5.2 0.90
ATrow toot 21 17 1.24
Pandanus 26 21 1.24
Coconut meat 6.2 7.9 0.78
Lime meat 1.9 2.2 0.86
Coconut meat 1.1 1.2 0.92
Coconut meat 2.6 2.7 0.96
Pig muscle 14 15 0.93
Chicken muscle 6.3 6.2 1.02

Mean (.96

Table 23. Interlaboratory comparison of split samples for 137Cs in Bikini vegetation
samples - Rongelap Reassessment Program versus Lawrence Livermore National
Laboratory.

Paretzke 137Cg concentration Ratio of Paretzke
Sample No. Sample type (pCi/g wet weight) to LLINL
Paretzke LLNL

B2 Covonut frond 18.9 17.2 1.10
B3 Breadfruit 6.4 7.8 0.82
B4 Copra meat 27.0 25.7 1.05
B5 Coconut fluid 16.0 18.0 .89
Bé Cooomnut frond 35.0 26.4 1.33
B11 Copra meat 43.5 43.2 1.01
B12 Copra fluid 28.4 25.2 1.13
B13 Cooonut frond 27.9 21.6 1.29
Bl14 Copra meat 161.0 157.0 1.03
B15 Copra fluid 65.3 72.1 0.91
B1é Coconut bread 63.7 71.2 0.8¢

44.8 44.7 Mean1.04




Split Sample Comparisons

The results of the intercomparison of split soil samples are shown in Table 24. The
mean ratio of Paretzke/Boikat to LLNL is 0.77. The reason for this bias is a direct
result of the difference in processing tl samples. We screen the soils through

2mm mesh, eliminating the large size particles. Then >2mm fraction is retained
and analyzed separately if of interest. We adopted this screening procedure because
1Newwlnhw11Uuduvohnmuwnrpnndth|rahnﬁlu]&ihm*wepn‘Hu>vdﬂﬂ9 food crop and
soil. The plant root system essentially interacts with the smaller soil particles.
(”mnr“ntdeM|(ﬁ 137Cs is greater in the small particle size fraction; the concentration
is much lower in the particles greater than 2mm in size. The variability in the CR is
greatly reduced if this screening procedure is adopted for calcarious, coral soils.

Table 24. 1 |1hwﬂdlnwnnanwrtnnmpumlmmmumﬁa{ﬂn& samples for 137Cs in Ailinginae and
Rongelap soil samples - Rongelap Reassessment Program versus Lawrence
Livermore National Laboratory.

Ratio of Paretzke

Atoll and 137Cs concentration and Boikat to
sample type (pCi/g wet weight) LLNL
Paretzke and
Boikat LLNL
Ailinginae
Soil (0-10 ecm) B 1.1 0.82 1.34
Soil (0-10 cm) B 4.6 7.4 0.62
Soil (0-10 cm) B 0.98 1.73 0.57
Soil (10-20 cm) B 0.3 0.48 0.63
Rongelap
Soil (0-10 cm) B 33 3.2 1.03
Soil (0-10 cm) B 13 18 0.72
Soil (0-10 cm) B 15 24 0.63
Soil (10-20 cm) B 0.97 1.3 0.75
Soil (0-10 cm) P 8.5 11 0.77
Soil (0-10 cm) P 9.5 13 0.73
Soil (0-10 cm) P 1.9 3.63 0.53
Soil (0-10 ecm) P 8.8 9.71 0.91

Mean .77
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Drs. Paretzke and Boikat ground up the entire seil sample for analysis.
Consequently, the overall 137Cs concentration is lower because of "dilution” with
the large particle size fraction. If we analyze for 137Cs the large size fraction from our
screening procedure and reconstruct the total soil from the two size fractions
(«<2mm and >2mm) then the results are the same as for Paretzke and Boikat.

We participated in another recent intercalibration exercise run by the Republic of
the Marshall Island (RMI) Nation Wide Radiological Study (NWRS). The results
are shown in Table 25 where LLNL is listed as Lab 2. The soil samples were collected

by the NWRS, homogenized, and distributed to the participating laboratories.

Table 25. Intercomparison Results for Soil Samples from RMI Nationwide

Radiological Survey. (All units are Bg kg-! ; Ex

is + 1 sigma),

Sample 09501V

LAB1

LAB 2 (LLNL)

LAB 3

LLAB 4

LABS

Radionuclide Estimate Frror Estimate Error Estimate Error Estimate Error Estimate Error
13/Cy 968 17 850 30 202 020 752 37.68
60Cq 120 7.5 101 4 23.4 0.16 94.7 3.02
102R 1 48 9 10.7 0.06 39.8 0.72
101R K 1 0.5
2 ()7"[3; i
20871
152Ey 26 4 6.25 0.14 17.5 0.37
154En 3 0.5 2 0.16
135Fy 53 3 16.3 0.31 58 2.13
1255} 2 0.5
241Am 420 20 68.8 0.34 383 19.23

239,240py 2375 81 2510 75 2446 346
Z8py 1180 3% 1146 170

Sample 09583a

LAB 1

LAB 2 (LLINL)

LAB3

LAB 4

LABS

Radionuclide Estimate Error Estimate Error Estimate  Error Estimate Error Estirnate Error
13/ (s 103 25 103 4 106 0.64 752 5.00
60 17 0.5 15.5 0.7 16.9 047 117 3.30
102R 1
IR K
207g;4 7 0.5 74 0.4 7.71 0.25 5.6 3.20
125()15'][f|
152y, 8 1.5 10.1 0.61 6.2 2.10
14py,
58y 13 1 17 0.88
'IIZJEHE;Jt)

AUl Am 252 8 284 1.14 252 5.20
239,240py, 613 185 685 17 674 31 702 77
28py 80 2 73 13 79 18
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Tﬁhw”m"K"‘w““mpaumwumvmﬂt1memﬂﬂmnmmwvfmmmhﬂﬂlhmmwmwmuw
Radiologi wm“muvvvn(AJlummw.M@Ih4kp'"l|rurm»i*ﬂﬂuwmm)mmmnnmwuu

Sample 09543 A

LAB 1 LAB 2 (LLNL) LAB3 LAB 4 LABS
Radionuclide Estimate Error Estimate Error Estimate Error Estimnate Error Estirnate Error
137Cg 13 0.5 12 0.5 11.8 051  10.6 0.55
) 4 0.5 3.7 0.2 387 033 37 0.13
102R
101Rh
207g; 4 0.5 3.9 0.2 454 022 38 0.14
Iil(lﬂw']['l
1525y
154,
155gy
125gy,
M1 Am 0.86 0.07 0968 010 1 0.15
239,240 3.4 025 3.9 0.2 3.7 0.34 3.8 0.26
238py, 0.13 0.03 0.13 0.82

A comparison of 137Cs results in one of several split sample exercises with the RMI -
NWRS is shown in Table 26. The ratio of the NWRS results to LLNL results for 12
mm&mmmfhmdSdnwmm;m(rwﬂxlwmmamjburL&cwrmuwxmmﬂ'mmﬂﬂﬁshs11”4'ﬂ1ﬂ
The ratio of 137Cs concentrations in soil (NWRS/LLNL) for split soil samples
exercise at Rongelap Atoll is 0.94 £ 0.28 for 61 samples taken in 1993.

The continuing participation in interlaboratory - intercalibration exercises, standard
certification, and analysis of split unnthm.wwlnl<nﬂhvr agencies, laboratories, and
Jnumwmn@s&mwuulﬂm-wwmhlmw”wwynmqmmhnn n1nnwnwmdanu%Ibm excellence
in our analytical facilities. We will maintain this type of activity as part of our
standard operating procedure.

Table 26. Cross Comparison Between Lawrence Livermore National Laboratory and
the RMI Nationwide Radiological Survey.

LILNL RMI

137Cg 137Cs Ratio

Sample Bq/g Sample Bq/g RMI/

Island number wet wt. number wet wt. LLNL

coconut fluid (KMNNMMWiluhﬂ

Tufa 4270 0.0042 26584j 3.7 0.88
Tufa 4316 0.012 26s87j ]L. 1.03
Eniran 4337 0.015 26s90j 1.6 1.07
Eniran 4346 0.0075 26592] :dHW)i 0.90
Arbar 4417 0.012 26596j 1.0E-02 0.87
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Table 26. Cross Comparison Between Lawrence Livermore National Laboratory and
the RMI Nationwide Radiological Survey continued.

LLINL RMI

137 137Cg Ratio
Sample Bq/g Sample Bq/g RMI/
Island xuulntwn wet wt. number wet wt. LLINL

i coconut fluid coconut fluid
" Arbar 4445 0.0073 26s99j 6.8E-03 0.93
" Erapuotsu 4466 0.053 »mﬁnm] 4.9E-02 0.92
Erapuotsu 4473 0.016 265108j 1.5E-02 0.96
Busch 4597 0.017 26s111j 1.5E-02 0.90
Busch 4611 0.011 265114 1.1E-02 0.96
Rongelap 4722 0.014 265125j 1.3E-02 0.95
Rongelap 4875 0.029 265126] 2.6E-02 0.90
mean 0.94
Std 0.06
Eniran 4336 0.043 26590m 5.5E-02 1.27
s Eniran 4345 0.018 26592m )2 1.65
Arbar 4416 0.057 26596m )2 1.11
Arbar 4444 0.021 26599m 2.2E-02 1.07
Erapuotsu 4465 0.12 26s104m 1.4E-01 1.16
Erapuotsu 4472 0.057 26s108m 6.6E-02 1.16
Busch 4596 0.042 268111m 4.0E 0.94
Busch 4610 0.044 268114m 4.9E-02 1.12
Rongelap 4721 0.039 26s125m 4.1E-02 1.05
Rongelap 4874 0.067 26s126m 74E-02 1.10
mean 1.15
std 0.18

References
lennings, C.ID. and M.E. Mount (1983), The Northern Marshall Islands Radiological
<E.’ [e

Survey: A Quality Control Prwwwwsz'Jdewhmwhul Analysis, Lawrence
Livermore National Laboratory, Livermore, CA, UCRL-52833 Pt. 5

47






Appendix A: Preparation of Duplicate
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The procedures used at LLNL to process the various sample types are described in
detail in a paper titled "Field Collection and Laboratory Sample Processing
Procedure for the Marshall Islands Program” (M.L. Stuart, 1995). For completeness,
thﬁvaommmhmnm;eqnpmopmha&&bo1ﬂu2c%mpdhxnﬁﬁwanelmne1hygmm1u1mn1£edh

The preparation of duplicate samples is simple and straightforward. The primary
requirement is a processed sample Uf!ﬂJ“JLHﬂﬂlEﬂAP‘(IM‘%:'IJIIW(Hﬂni at least two
aliquants for comparative radiochemistry. Once the sample is proce , great effort
is taken to insure that the characteristics (pac Ln|y<.vmm4hh,aamnp~9wmwwyln)cﬁ the two
aliquants are as similar as possible. This accomplished, the samples are then sealed,
labeled, and forwarded for analysis. We feel confident that the methods used to
produce duplicate aliquants yields samples that are close to being radiologically
identical. Furthermore, the analyses performed by the participating laboratories
seem to support this.

=
R

Soil Duplicates

Each soil sample (500 to 900 g) is put into a new 1 gallon paint can, weighed, and
}&deln‘mNmtml&u«mwmtkn'qqmnxnmn@h«mm-mwwk Afterwards, it is weighed
every . 24 hours and when a constant weight is noted, it is considered dry. Once dry,

the can is sealed and placed on alwdhxurrmmu to loosen clods and stuck particles.
After roll milling, the sample is passed through a set of progressively finer sieves to

obtain coarse (greater then 2 mm) and fine (less than 2 mm) separations. The
mmwwammw,mm'wpuhwd recorded, and the fine portion returned to the can. Next,
steel grinding balls are placed inside the can with the fine soil, the cover securely
sealed, and then ball milled continuously until the particles have h@@WlkH(Ml“&lthﬂ
a fine powder. Once ground, the fine powder is mixed, and the necessary aliquants
are canned, labeled, and forwarded for analysis. During the canning phase, great
care is taken to assure that the rTVHﬁNWGTPHiQSIMFth@‘dlqjhcate]pahr(meﬂdrqgmienﬁhwu
sample weights) are as close as possible to each other. Soil duplicates represent the
largest fraction of duplicates prepared.

Vegetation Duplicates

Vegetation duplicates are almost exclusively prepared from composite coconut meat
samples. All vegetation is maintained frozen at LLNL until processed. To ensure
against contamination, fruits and roots are washed very carefully before dissection.
Once the sample is separated into its various parts (i.e., meat, skin, and seeds), the
individual parts are cut HlMi‘ﬂ[hﬂhPl])fN&IM placed in clean plastic containers and
weighed. Following weighing, the containers are placed in freeze-dryers and
lyophilized until a constant weight is reached. [h“tjkmﬂlENMJHJNELSlJmHlEyM)MMthO a
homogeneous texture, mixed, and aliquants taken. The aliquants are then
hydraulically pressed n\u){qmp|n1n111“‘mn|q)h containers hﬂ«uqa;anaal(‘nv-rn assure
that the characteristics of the duplicate pair (packing density, sample weights) are as
close as possible. This completed, the samples are then sealed, ldhmmcmh then
forwarded for analysis.
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Terrestrial Animal Duplicates

Terrestrial animal duplicates are primarily prepared from the meat and organs of
pigs or chickens since they are the most common terrestrial animals encountered
and collected. Processing procedures are essentially identical with those of the
vegetation duplicates with the exception that the pigs are dissected in the field due
to their size and the actual amount of tissue required to produce a suitable sample
and duplicate. Following the dissection, each part is placed in a new, clean plastic
bag that is then double sealed and labeled with the appropriate information. Again,
after being processed through the laboratory, great care is taken to assure that the
characteristics of the duplicate pair (packing dhwvntwﬂ¢@mn]wp'vweqrmhﬂ'a re as close as
possible. This completed, the samples are then sealed, labeled, then forwarded for
analys

P

Marine Organism Duplicates

Marine organism duplicates are primarily prepared from the tissues and organs of
fish and mollusks. Processing procedures are essentially identical with that of the
terrestrial animal duplicates with the following exceptions. Fish samples are caught
and separated into individual species, double bagged, frozen, and returned to the
laboratory for further processing. Mollusks, if possible, are removed from their
Sh@“ﬁ,ﬁﬂdf?d in plastic bags, frozen, and returned to the laboratory for further
processing. After dissecting, tissues and organs from the same catch are pooled and
wet weights determined. Pooling same catch tissue samples is necessary in order to
obtain enough material (once dried or ashed) for suitable aliquants. The samples are
then processed in one of two ways. The samples are either processed in the same
manner the as the terrestrial animal duplicates or ashed. Since the first method has
already been described, only a brief discussion of the later will be presented. The
pooled tissues, placed in clean beakers, are put in an oven set at 90 C and dried until
a constant weight is reached. Once dried, the samples are placed in a muffle furnace
set at 450 C until a fine ash is achieved. The ash is homogenized and then, taking
great care to assure that the characteristics of the duplicate pair (packing density,
sample weights) are as close as possible, are packaged, labeled, and forwarded for
analysis.

(o]

—_

References
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Because the purpose of the standard is to substantiate the analyses of other
environmental samples, it is important that the character of the standard matches
that of the representative samples as closely as possible. Any radioactivity in the
standards needs to originate from the natural environment and not merely added to
the samples from a solution in which the chemical forms might be quite different
from those in the samples. Consequently, great effort was taken to ensure that each
standard was prepared from material collected directly from the environment. This
proved to be a problem for environmental samples of vegetation, marine and
terrestrial animal tissues since they generally did not have enough radioactivity to
serve as adequate standards. It was therefore necessary to spike them with
environmentally labeled radioactive algae, in the same manner used by Volchok
and Feiner at the DOE Environmental Measurements Laboratory (EML) to prepare
standards for the DOE Intercalibration exercise (H. L. Volchok and M. Feiner, 1979).

Soil Standard

To prepare soil standards, large bulk samples of soil were collected from selected
locations at Enjebi and Enewetak islands (Enewetak atoll) and at Eneu and Bikini
islands (Bikini atoll) during four survey trips. The first bulk soil, taken in March
1979, was collected from Enjebi island (Enewetak atoll) followed by Bikini island
(Bikini atoll, December 1981), Eneu island (Bikini atoll, July 1982), and finally
Enewetak island (Enewetak atoll, February 1985). The subsequent standards created
from these bulk soils were individually identified (as to origin) by the month and
year that they were collected. Therefore, all soil standards created from Enjebi island
bulk soil start with the designation "7903". Bikini island, Eneu island, and
Enewetak island each start with "8112", "8207", and "8502" respectively. Overall,
142.7 kg and 196.2 kg of soil was collected from Enjebi and Enewetak islands
respectively, while 165.3 kg and 18.3 kg of soil was collected from Eneu and Bikini
islands, respectively. Since each island exhibits a different activity level, it was
possible to obtain four distinct soil standards. Soil collected at the Marshall Islands
was then shipped to LLNL where it was oven dried and ball milled in the same
manner as the soil duplicates outlined previously. The steps taken next, deviated
from the original NMIRS in that the bulk soil was not forwarded to WOSC for
independent preparation. Since the procedures developed to create the NMIRS soil
standards by WOSC had been well documented, with subsequent testing indicating
homogeneity, it was decided that in order to expedite the preparation of the new soil
standards, the procedures would MMM£mmﬂkM9fonnN?wlPq/rhe'hdargharlIfmumdﬁProgmﬂrn
Soil Facility. Under the direction of Dr. C. D. Jennings (from WOSC), each bulk soil
was sieved and homogenized in a MWFP umnnmmmv blender by LLNL Soil Facility
personnel. thuanm.wwu:tMm1Lann@d‘MuiﬂMMch to conform to the style of
samples prepared at LLNL.

Vegetation Standard
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During the preparation of the vegetation standard a problen: occurred in production
of a standard based on the coconut matrix. When the radioactively labeled algae was
added to a sample of commercially bought coconut meat, the natural oils bound the
algae in an effective "glue", producing problems in homogenization of the sample.
Additional attempts made to correct this ptn&dvm1]ﬂwnvallneﬁﬂAWHV$"mvtfmmchw sion
was made to switch to a different matrix. Therefore, the vegetation standard "8510"
(for the year and month the standard was completed) was created by adding a
measured amount of the radioactively labeled algae to 88.6 kg of lyophilized
commercial potato flakes. After homogenizing the entire sample in a twin-cone
blender for three weeks, it was canned and labeled to conform to the style of samples
prepared at LLNL. We feel confident that this does not detract from the quality of
the standard, nT‘Hmp;ﬂhﬂihy¢w:t%w'%banthnmﬂ1t1re1mwmmmm a proper vegetation matrix
for analysis by the participating laboratories.

Terrestrial Animal Standard

The terrestrial animal standard was prepared by taking a large sample of beef
purchased from a local supermarket that was then dried and ashed at LLNL. The
ash (approximately 250 g) was then sent to WOSC where it was spiked with a known
amount of standardized radioactively labeled algae, blended, and re-ashed at 400 C.
The re-ashed beef sample was then blended in a small twin-cone blender, canned
and labeled to conform to the style of samples prepared at LLNL.

Marine Organism Standard

The marine organism standard was made from fish samples that were collected
from the Marshall Lﬂdmdm and then ashed at LLNL with the resultant product
shipped to WOSC. The ash (approximately 2 kg) was then spiked with a known
amount of standardized radioactively labeled algae, blended and then re-ashed at 400
C. The re-ashed sample was then blended again in a small twin-cone blender,
muwmd,mmihﬂmh%lMuxmmmmnh}meﬂym(Msanwmﬁqm@pammhnlJJJ“
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The certification of standards requires two phases. The first requirement shows that
the methods used to prepare the standards produces samples that dmplrnmnnpwwuw)um
‘Ajherthu'ﬁhlmdPnTL»wvvmﬂ]wnyparvd\]vnmmngﬁqmut” was tested by measuring 137Cs in a
random selection of aliquants by non-destructive analysis via gamma spectroscopy.
As shown in Table C1, there was excellent agreement among the various standards
of vegetation andlﬁmﬂ Fractional standard deviations for the "8310" vegetation
standard and the "7903", "8112", "8207", and "8502" soil standards measured by
gamma spectroscopy were 5.8%, 4.8%, 2.7%, 2.2% and 1.8% respectively. Analyzed
radiochemically, independent measurements of 137Cs on the "8510" vegetation
.Lamdani¢nmilho'”gnr"ﬂlllﬂ’%ﬁﬂ”% and "8502" soil standards show fractional
standard deviations in their certified values of 6.4%, 6.7%, 8.2%, 5.7%, and 6.2%
respectively. Since soil standards contained no augmented radioactivity, follow up
analyses of 239+240Py and 241Am were performed radiochemically by Environmental
Measurements Laboratory (EML), Western Oregon State College, Oregon State
University (WOSC, OSU), North Carolina State University (NCSU), Pacific
Northwest Laboratory (PNL), and Thermo Analytical Norcal (TMA) laboratories.
Fractional standard deviations m»r)5”*<4“P11alnﬂ‘uwwlx'ulmulmpnlu ly for the "7903",

b

"8112", "8207", and "€ soil standards were 3.3%, 7.5%, 5 2%, and 10%
respectively. (Tables C2-C10). On the basis of the nnnmhh,tﬂhnnlmwl from gamma
spectroscopy and follow up radiochemistry analyses for 137Cs and 239+240Py, we feel

that sufficient evidence exists that the procedures used to prepare the standards
produces homogeneous samples. Furthermore, because the terrestrial animal and
marine organism standards were produced in the same fashion as the vegetation

samples, we feel that their homogeneity becomes also established.

The second phase requires that the activity level of the standards be well established.
Y

This was accomplished in two ways. First, the radioactivity of the algae used to
spike the samples of vegetation, fish, and beef had been well characterized by EML,
and because it was used to prepare samples for the DOE Intercalibration exercise, the
measurements were well corroborated (H. L. Volchok and M. Feiner, 1979).
Establishing radioactivity levels for standards of vegetation, marine organism, and
terrestrial animal then became a simple matter of adding known amounts of algae
to the proper matrix. Second, after producing samples with a particular activity
level, all uhdﬂdhlhd% except the terrestrial animal standard were analyzed
radiochemically. Tables C2, 3, and 9 show the results of these analyses performed
on the augmented samples. In Table C10 only the expected values for the terrestrial
animal standard are presented. Because the terrestrial animal standard was
prepared by the same method as the vegetation and marine organism standards, and
due to the limited amount of standard produced, no radiochemical amaﬂysps were
performed. We feel confident that the expected activity level of the terrestrial
animal standard represents an actual activity concentration and HM?thnm.uanned
hwmllh9|m1quannpRuMnuMmuw seem to corroborate this. Soil standards were
different in that no radioactively labeled algae was added to them. Since
radiochemical analyses of the soil standards were performed to establish
homogeneity, their activity levels became well corroborated between the analyzing

e5
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Table C1. Cs-137 (in pCi/gram dry weight + % fractional standard deviation)
measured by gamma-ray spectrometry in a random selection of vegetation and soil

standards.,

Vegetation Soil So0il Soil Soil

standard standard standard standard standard
Sample 8510 7903 8112 8207 8502

1 2.3+ 3.7% 17+ 1.1% 0.94 +3.6% 56+ 1.3 0.89 + 2.5%

2 2.1 £ 4.0% 17 £ 0.9% 1.1+ 1.9% 5%&1%’ 091 £ 2.8%

3 24 +2.7% 18+ 1.0% 1.0+ 2.6% 561+ 1.2% 092 + 2.3%

4 201 4.5% o 1.0£2.7% 6+1.4% 0.90 £ 2.5%

5 2.3+ 28% - 095“:‘%% 5.8 % 1.4¢ 092+ 1.4%

6 2.1 +57% H6+11% 0.9+ 2.4%

7 + 2.3% . 2% 092+ 1.2%

8 + 2.9% ;J’% 094 + 2.5%

9 1.2% 092+ 1.6%

10 1.3% 091 +2.5%

11 - 1.1% 0.9+24%

12 1.0% 094 + ””%

13 t1.1% 0. “M 4+ 2.4%

14 1.0¢ 0.92 £ 2.5%

15 1.2% (Nﬂiiﬂnﬂ
Mean 2.2 17 1.0 0.917
Std dev of 5.8 2.7 4.8 1.8

mean (%)

Table C2. Radionuclides measured in vegetation standard (7808) samples. All

analyses performed radiochemically except as noted.

Values or
laboratory

Radio nuclide (pCi/g * fractional standard deviation)

990Gy 137 239+-240P 241Am
Expected - 2.7 £ 20% 0.017 + 20% 0.0041 + 20%
EML 33258%(3) 24£11.7% (3)a 0015+ 10% (3)  0.0048 £ 23% (3)
LLNL 3.3+10% 2.7 £ 10% 0.016 +10% 0.0054 + 10%
WOSC,05U 3.8:+x80% (4) 2.7+26%(10) 0.016 +4.7% (16) 0.0054 + 1.7% (4)
Certified 3.3+ 10% 2.7 + 10% 0.016 £ 10% 0.0054 £ 10%

NOTE: Number of replicates are in parentheses.
2 Measured by gamma-ray spectroscopy.
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laboratories. Tables C4 - C8 show the results of these analyses. We are confident
that the established activities, or the expected values in the case of the terrestrial
animal standard, are correct within the tolerance quoted in Tables C2-C10. This has

been further demonstrated by the high degree of compliance by the participating

laboratories.

Table C3. Radionuclides measured in vegetation standard (8510) samples. All

analyses performed radiochemically.

Values or

laboratory Radio nuclide (pCi/g * fractional standard deviation)
905y 137Cs 239+240P 241 A m
EC 25+ 13% (3) 2+ 1.6% 0.015 £ 3.9%
EML - - 0.013 % 18% -
TMA 27457%(5) 22%42%(5) 0016£3.7%(5)  0.0085 £ 8.4% (5)

Certified 2.6 192% 22%6.4% 0.015 £ 10% 0.0085 + B.4%

Number of replicates are in parentheses.

Table C4. Radionuclides measured in soil standard (7808). All analyses performed
radiochemically except as noted.

Values or
laboratory ]Racﬁc»mmuﬂhﬂe1QNFd/p'i.thtunnal‘ﬂamni1rd,dﬁmdatnmn)

90Sr 137Cg 239+240Py 241 Am

EML 0.089 £ 4.1% (3) 0.037 +3.7% (3)a  0.035+£9.8% (3) 0.014%£7% (3)
LLNL - - 0.037 + 0.6% (2) -
WOSC,05U - 0.036 + 3.8% (8) 0.036 £5.4% (10) 0.016 £ 7.2% (4)
Certified 0.089 £ 10% 0.036 £ 10% 0.036 £ 10% 0.016 = 10%

NOTE: Number of replicates are in parentheses.
a4 Measured by gamma-ray spectroscopy.

Table C5. Radionuclides measured in soil standard (7903). All analyses performed
radiochemically.

Values or

laboratory Radio nuclide (pCi/g * fractional standard deviation)
905y 137 239+240P 241 Am
EC 27 £1.9% (3) 15+ 2.0% 7.2 £10.0%
LLNL - - 7.7 % 1.7% (6)
TMA BOﬁV‘W(W 18 £ 3.4% (5) 8.0+ 1.7% (5) EM%FinF>

fied 29 + 8.3% 18 £ 6.7% 7.8+ 33% 56+ 3.0%

NOTE: Number of replicates are in parentheses.
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Table C6. Radionuclides measured in soil standard (8112). All analyses performed
radiochemically.

Values or  Radio nuclide (pCi/g * fractional standard deviation)
laboratory

GOGT 137Cs 39424074 541 A
CLi 087 F 21% (2)
EC - 091 +0.7% 0.18 £ 6.7% (2) 0.11+2.4% (2)
INCSU 0.85+10% - - -
PNL 0.97 + 5.6% - - 0.11+1.4% (4)
TMA 1.0+75% (7) 0.86+9.2 (4) 0.16 £5.2% (4) -
Certified 0.97 +11% 0.87 + 8.2% 0.17 +7.5% 011+ 1.7%

NOTE: Number of replicates are in parentheses.

Table C7. Radionuclides measured in soil standard (8207). All analyses performed
radiochemically.

Values or

laboratory fRﬁﬁHcWUJdﬁdmf(pk1¢gr_tika<h(mmﬂl'.1ndhucﬂnmvvnM1uun
905y 137Cg 23942401 241 A m
EC 3.5%2.7% (3) - 1.1+ 82%
EML - 54+ 12% -
LLNL - 1.16 + 6.4% (6) -
T™A 4.1%2.2% (5) H‘l*“n 8% (5) 1.1 £ 4.0% (5) 0.74 + 2.6% (5)

RESL - 57 +£2.4% - -
fied 3.9+ 8.1% 58+5.7% 1.1+ 52% 0.74 +2.6%
NOTE: Number of replicates are in parentheses

Table C8. Radionuclides measured in soil standard (8502). All analyses performed
radiochemically.

Values or

laboratory Radio nuclide (pCi/g * fractional standard deviation)
905 137Cs 239+240Py 241TAm
EC 0.59 + 6.9% (3) 0.94 £ 1.4% 0.19 + 18%

EML - - 018 £ 11%
LLNL - - 0.19 + 9.4% (6)

T™MA 0.60 £ 13% (5) 1.0: ft'RWn(W) 0.18 + 14% (5) 0.12 £ 7.9% (5)
Certifiecd 0.60 %+ 11% 0.99 + 6.2% 0.19 & 10% 0.12 £ 7.9%

NOTE: Number of replicates are in parentheses.
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Table C9. Radionuclides measured in marine organism standard samples. All
analyses performed radiochemically except as noted.

Values or

laboratory Radionuclide (pCi/g + fractional standard deviation)
S90Sy 137Cs 239+ 240 241 A m
Expected 16.7 + 20% 10.8 + 20% 68.9 + 20% 16.8 + 20%
LLNL - - 78.8 £5.7% (2) 17.5 £ 12% (2)a
WOSC,05U 169 % WUWD(B) 121+ 4.1% (3) 77.5 £ 10% (3) 16.7 £ 10% (2)
Certified 17 4 20% 12 £ 10% 78+ 10% 17 £ 10%

}NNDHHE:ﬁhhlnﬂbwrlwfrwrdu%M$m;awe1r1pmn%mﬂiuﬂﬁﬂ;
a Measured by gamma-ray spectroscopy.

Table C10. Expected values of radionuclides in terrestrial animal samples (pCi/kg).

g'{)S]f' 137, Cs 239+24 U]'J'” 241 Am

67 + 20% 48 + 20% 0.3 £ 20% 0.074 % 20%

Additional Samples

In addition to the vegetation, soil, terrestrial animal, and marine organism
ﬁMmddmh,nmmhmnmi[nwvmmﬂ»ﬂUNU(HMH'nwWMPavwnc\m@d in the evaluation of
data analyzed from the participating laboratories. These, referred to as the
Wﬁﬂiﬂﬂ'AUnHQF?WW'vog@.muMlsanqﬂonnmlih@'ﬂtﬂwFW”'u)l<ﬂdmddkd were used to
1ﬂlakﬁWuTPaTﬁbwh@mem(w=mﬂuindswwmp either not available or not yet created.
”ﬁlﬂdMIHml‘ﬂMWﬂIlvn(qiy¢MWAFWM“».HUJ.thWUTHTTlfﬂTtmnTy

Their use was limited to LRE
a small number of comparison evaluations. We feel confident that the use of these
two intermediate samples in no way detracts from the overall quality of the analyses
performed by LRE.

8502PFA06B00270 Coconut Sample

The method used to make the "8502PFA06B00270" sample is identical with those
used to process the vegetation standards with the following exceptions. First, the
"8502PFA06B00270" vegetation sample was composed of coconut meat taken from

Bikini island, Bikini Atoll, Republic of the Marshall Islands. Second, no
radioactively labeled algae was added to the coconut sample. Substantiation of an
ac@@pted.vadum&vvas1ﬁehmmmnnedlqurmmmﬂﬂ"‘tmﬁrve;gamnnmaﬂnmysqm@chxxmmnpy‘atlmmﬂn

the LLNL Health and Ecological Assessment division (HEA), formerly the
Environmental Sciences Division (ESD) and the LLNL Nuclear Chemistry division

(NC). Table C11 shows the reported values obtained from the two analyses.




Table C11. Radionuclides measured in veg

getation standard 8502PFA06B00270. All
analyses performed by gamma-ray spectrosc

Opy.

Values or

laboratory Radionuclide (dpm/gm wet weight)
905y 137Cs 239+240Pu 241 Am
LLNL-HEAa - 634
LLNL-NCb - 645
Accepted Value - 634

NOTE: Number of replicates are in parentheses.

& Lawrence Livermore National Laboratory; Health and Ecological Assessment
Division.

b Lawrence Livermore National Laboratory; Nuclear Chemistry Division.

EN3BC Soil Standard

The "EN3BC" calcareous soil standard was prepared for use as a gamma detector

&hhﬂaUmMLﬁhmndandqﬂurum’th@]&m@mm tak ]“mh@ﬂnvn‘ﬂ‘bmrvev()f]W'? A solution
umwammmrau1umwh¢mewn‘mmmuﬂwn1mktg “WM[I‘W"I“Lmu“‘%u,amim“MMH
was prepared and aliquots taken. These aliquots were dried and mixed with
powdered coral taken from Midway Atoll (processed in the same manner as the
other soil standards), homogenized, and given the designation of "EN3". All "EN3"
standard solutions used for this calibration standard were cross-checked with
standards from the International Atomic Energy Authority and Laboratoire de
Metrologie des Rayonnements [onisants (U.S. Atomic Energy Commission, 1973).
Certification of the "EN3BC" soil standard was determined by three separate
analyses. First, the sample was assayed by non-destructive gamma spectroscopy by
the Nuclear Chemistry Division, LLNL in 1972. In 1981, two separate analytical
Mrwﬁndquommpwwﬁwwmpd'mem;b»thplﬂuwhwmtﬂh@nﬂﬂnwvFivﬁdnnﬂIIIﬂL. Method
A used non destructive gamma spectroscopy similar to the original assay, while
Method B involved chemically dissolving 20 gram aliquants of the coral standard
and performing gamma spectroscopy on aliquants of the resulting solutions. Table
C12 shows the reported values obtained from the analyses of these events, as well as
the certified value used for the "EN3BC" standard (Personal communications from
Ken Marsh, 1994).
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Table C12. Radionuclides measured in soil standard EN3BC,

Values or

Laboratory Radio nuclide (dpm/gm + counting error)

oo 137Cg 1521, 123E 21 A m
LLNL2 169+ 1.4% 170 + 1.8% 1250 + 1.0% 4270+ 1.0% 1330 ¢ 1.5%
LLNLP 175 + 1.0% (4) Yﬁ']d%dﬂ '¢MH1 0% (4) 4‘”*!(%”4) 1580 + 2.0% (4)
LLNL* - 157 £ 2.1% (3) 330 £ 0.4% (3) 4760+ 1.7% (3) 1430 £ 1.5% (3)
Certified 1M9i14% Vﬂ*]“ﬂ: 1”0*]1“; 4270 £ 1.0% 1330 + 1.5%

NMWTF*T%umﬂ%wwﬂﬁwTﬂwmumumvwnqpmwwnMmeﬂ

2 LLNL; Nuclear Chemistry Division; 1972; Original assay.

b LlIJL,hhmh3n1“hemmmnyl.nmmumhlWHLwAﬂﬂhﬁmmrbymne&mmiﬁb
¢ [JJMLJPMmﬂearC}mmmmhyrEWWGMMu’Nmﬂ;ﬂumﬂymmjkmrmmwhmdl&
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C-61

Radiological
, pp- 433

434.

Survey,






